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Phase II Trial of Cetuximab in Patients With Refractory 
Colorectal Cancer That Expresses the Epidermal Growth 
Factor Receptor 

Uoiurd & Sola, Ned}. Mtrcpoi, Patrick J. LoehrerSr. Mkfad N. NtedU, Justin Kopii, 
and Rebtn J, h)ay& 



PnpoM 

To evaluate the antitumor aotfvity and toxicity ol sfnote-egent cetuximab in patients with chemotherapy- 
refractory colorectal career whose tumort egress the epidermal growth factor receptor. 

PaflaMa art MbUm* 

Phase II, open-label clinical trial. Patients ware- required to have EGFr expression demonstrated on 
formalin-fixed poisrfbvembeddetf tumor tissue by immunoNstoohemteal staining before study partici- 
pation. Patients ware required to have received irlnotecan, erthar alone or in a combination regimen, and 
to have demonstrated clinical failure on this regimen before study entry. Cetuximab was administered 
weekly by-ihtravenous infusion. The first dose of 400 mgfrn 1 was given during the course of 2 hours. 
Subsequent weakly -treatments were given at a dose of 250 mgmr during the cotrrae of 1 hour. 

Result* 

Rfty-seven eggible patienti Were treated. All were assessable for toxicity arid response. The most 
ecrnnWnly encountered grade 3 to 4 adverse events, regardest of relationship to .study drug, wera an 
acne-eke akin rash, predominantly on the face end upper torso (88% with any grader-IS&witb-gnKfesk 
and a composite of asthenia, fatigue, malaise, or lethargy (66% with any grade, 9% with grade Su Two 
patients (3.5%) experienced grade 3 allergic reactions requiring discontinuation of study treatment A 
third patient experienced a grade 3 allergic reaction that resolved, and the patient continued on the 
study. Neither diarrhea nor neutropenia were dose' Smiting etany of the 67 patients treated. FfVa patients 
(9%: 95% CI. 3% to 19%) achhwed a partial response. Twenty-one additional patients had staUe 
disease or minor responses. The median survival in these previoualy treated patients With 
chernotherapy-refrBctory colorectal cancer is &4 months. 

Caactnisn 

CatLudmab on this onee-weeWy schedule has modest activity end is well-tolerated as a sing Is agent In 
patients with' crremoiherepy-^ractory colorectal cancer whose tumors express the epidermal growth 
factor receptor. Further studies of eenudmab will evBfuate the use of cetuximab In conjunction with 
first-line and adjuvant treatments for this disease. 

J Cfm Oncol S2: 1201-t208. G 2Q04 by Amvrieen Society of Ctlnfcal Oncology 



INTRODUC'riOiM 



Colorectal cancer it a. major cause of mor- 
bidity and mortality Worldwide. In the 
United Statu, it is the fourth most common 
type of cancer and is the second leading 
cause of cancer death,' While early stage 
colorectal cancer is frequently curable with 
surgery, unresectable metastatic disease is 
uniformly fatal. Palliative treatment for 
metastatic colorectal cancer centers on the 



nse of chemo^h^rer* th» .tf.^jmyj,. 
agents flttorouracfl (PtJ) , Mmojeciw, ^ 
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5 Once a patient's cancer he- "7 
conies retractory to these agents, howaver, I 
there are essentially no established treat- 1 
ment options with demonstrated effiencyj 
Clearly, there is a desperate need for new 
and improved therapies for this lethal dis- 
ease, 



ntt 



Dawrtoadad from www.joo.org on December 28, 2006 . For personal use only. No other uses without permfa&ion. 
Copyiiehte>2dUbyiheAjri^^ 



PAGE 17/65 • RCVD AT 5/23/2006 1:15:38 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-3/14 " DNIS:2738300 ■ CSID: * DURATION (mm-ss):45-42 



MPY-23-200S 13-35 



KENYON 8, KENYON 

1 



P. 18 



Site at 



, * Aberration* In the regulation and expression of growth 
ftcto« end/or their receptors have been extensively impli- 
cated in the development and prognosis of malignancies. 6 
The epidermal growth factor receptor (EGFr) is a com- 
monly expressed 170,000-kDa rrans-membnn.e glycopro- 
tein that is Involved in signaling pathways affecting cellular 
growth, dlflerentfttion, and proliferation. 7 ** ft is a member 
of the HER tyrosine kinase growth factor receptor fenifly 
and is txprested in many types of normal tissues. EGFr 
expression has been previously demonstrated in multiple 
tumor types, including colorectal cancer. EGFr is encoded 
by the proto-oncogene c-rrrVR** 10 Activation of the c-£ff>-B 
pro to -oncogene results in expression of EGFr in many human 
tumors; hence the initial interest in Investigating this growth 
fector receptor as a potential target for anticancer therapy. 

The EGFr is composed of an extracellular hgand- 
bindhjg region, a lipophilic mwr- membrane anchor se- 
quence, and an intracellular domain characterized by an 
ATP-dependent tyrosine kinase. 7 "*" 1 1 The extracellular do- 
main of the EGFr is the frgaitd-blndmg site for both the 
epidermal growth factor and for transforming growth 
factor-a^jha (TGF-o). On hgand binding, receptor dimer- 
izanon occurs, and the tyrosine kinase of the intracellular 
domaia is activated, thereby triggering many signaling re- 
actions that regulate cell growth and survival. Some cells 
overexpressing the EGFr aibo produce an endogenous 11- 
gand tor these receptors, and are thus able to activate the 
EGFr through an autocrine pathway, vrhkb leads to an 
sartD-stirmihted proliferation of cell gremth and survival in 
vitro.' * 13 In the hboratory setting, monoclonal antibodies to 
EGFr are able to inhibit the pralifeprtjkm ofcefc 
neocaly produce both EGFr and an activating Ugaod 1 *' 8 

Cfttiirimab (C225, firbitux™) is an Immunoglobulin 
Gl human-murine chimeric counterpart of the murine 
monoclonal antibody M225. Both M225 and cetuximab are 
antibodies directed against the ligand-binding site of the 
BGPr. JIU7 M225 has been shown to be able to block the 
activation of the EGFr tyrosine kinase by EGF or TGF-a, 
and to fnhibit the growth of tumor cells expressing high 
levels of EGFr.'" 0 Studies have demonstrated that both 
M225 and cetuximab exhibit similar capacities for com- 
peting with iodine-labeled EGF for binding to the 
EGFr. ir Furthermore, cetuximab has shown smnlar growth- 
InMrftoty capacity to M225 In cell culture assays. 

Studies in cell lines have shown the capacity of MAb 
225 (either M225 or cetuximab) to modulate tumor cefl 
proliferation, ceH cycle phase distribution, apoptosis, and 
radksensitivity. 2 ' Mechanisms of antl-EGFr antibody 
blockade leading to cell cycle arrest have been extensively 
investigated. Blockade of the EGFr with a monoclonal anti- 
body in the WFi colon cancer cell line, an autostimulatmg 
cell line that is dependent on autocrine EGPr stimulation 
for survival, induce* a cell cyde art est in G x . Further studies 
exploring the mechanism of EGFr blockade-induced G, 



arrest in the DiFi colorectal catxinoma cell One demonstrate 
that addition of the M225 to ceD cultures in saturating 
concentrations resulted in substantial CDK2 kinase inhibi- 
tion and Rbhypophosphorylation.-"^ CDK2, cydin E, and 
cydin A protein levels were unaffected' however, protein 
levels of the CDK inhibitor p27KIPl were found to be 
increased two. to three-fold, and lernoval ofp27K!Pl from cell 
extracts restored activity of CDK2. Other cell fines were also 
subsequendj- shown to haveG, arrest associated with elevated 
levels of p27KIPl following exposure to MAb 225.*"* 

While the vast majority of preclinical data with cetux- 
imab alone has demonstrated primarily cytostatic activity, 
data combining cetuximab with marginally effective or in- 
effective cytotoxic chemotherapy have demonstrated 
marked synergy with dramatic improvement in antfnrmor 
activity for the combination.**" 28 Two consistent findings 
in these preclinical studies are that BGFr expression Is 
needed for cetuxirnah activity-, and that cetuxknab, while 
having modest activity as a sfngfe-agent in some systems, 
ha* consistently better activity when given in conjunction 
with Inactive ormininjally active doses of cytotoxic chemo- 
therapy. Recent studies of cetarimab pfus irhtptecan. ift 
irinotecan- resistant human colorectal tumor xenografts 
have shown marked synergy between these two agents, with 
antitumor activity seen with the combination erf cetuxirnah 
plus Irinotecan. while tumor growth Occurred with either 
agent alone* 9 

Based on this scientific background, and encouraged 
by a favorable anecdotal case of a patient with irinotecan- 
refractory colorectal cancer responding to cetuximab plus 
irinotecan,* 0 we conducted a phase n study to formally 
evaluate the activity and safety of cetuximab plus rrinotecan 
in patients with irino tecan-re tract oiy colorectal cancer. 
That trial was found by an independent response assess- 
ment review committee to *how a 225% rnajor objective 
response rate in a population of 120 colorectal cancer pa- 
tients who were determined by their treating physicians to 
nave previously experienced clinical failure on irinotecanSl? 
This positive finding for the combination prompted the 
clinical and regulatory need to define the actrvity, or lack 
thereof, of single-agent crtuximab in a similar patient pop- 
ulation. We therefore conducteda phgselTtrialto assess the 
safety and efficacy of single agent cetuxlm'ab in patients with 
clKnicihmpY- refractory metaatatfeco^ 
express EGFr. 



PATIENTS t\M) MP I MOOS 



Study Design and Entry Crtpula 

We conducted a phase n, nonranderflhed, open-label, mut- 
ticenter trial To be eligible, patient* had to have hfstoloilcaUy or 
pathologically documented colorectal cancer and meaiurable 
inctaatatte disease, i» *Mt*\*^ inarm nohlrtocbepikaj evidence of 
BGPr expression measured ^l<ruaatltatJvriy (> Oon a scale of 0, 
1+, 2+, or 3+) In a single reference laboratory was required. 
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, . The* mcwurementt were perfbrmri and graded tujng a now 
commetciiUy available Wl {BGFRphsrmDx; Dsko Corporation, 
,Carr*rrtino, CA) according to the marm&ctnier'* Inttmtbu. 
Patient* wi permitted to undergo the screening process for 
tumor BGft expression before meeting other entry criteria and 
before study entry. For examgit, patiena were ilJowtd to undergo 
BGFr weening before study regBtatic^ while still receiving ini- 
tial btnoteean therapy, before documentation of clinical progret- 
ilon. However, to be included In th» ttudy, patterns were required 
before rtudy entry to have denKuutrated radiologic erHencc of 
tailure. as determined by the treating physician, on Irinotecan or 
an triMteam-cwrtiining regimen. Patients were not permitted to 
have received additional chemotherapy between toe time of doe- 
umented irirtotecan tenure and entry onto trus.cllru^trfeL Pa- 
tients xwre required to bare at «tody entry an Eastern Cooperadve 
Oiia^Gr^f»fmoanauxinofOWXmdyititnq^ti to 
baveaa absolute neutrophil count of a 1,500 ceCr/ram', a platelet 
count of 5s 1 OCMXX) cslls/mm 3 , a WBC count 3,500 «ils/ram\ 
andabeiric$ebinJevdoffc9g/dLThetotri 
ww required to be s USX the upper limit of normal, and the 
ilhlin* pliosphatar* snd AST levels were repaired to be sS3X the 
upper lirah of normal. The serum cranTilnekvdwaa required to 
beleu Hurt I.SX the upper fenit of normal Patiemj werereqviircd 
to have recovered from toxicities of prior chemo therapy, and may 
not have bad either radiation therapy or irrvest%etfon»Jdrugther- 
aprwithin 4 week* of inirintiiip ^trjpifflfrL FHtmfnthmaUy meg 
usable disease outride of any previously invdutrd fiehi with a 
baseline tumor measurement wthin4\wekjo/Uiiriatirmoflreat- 
mcnt, war required for protocol entry. 

This protocol wsa reviewed and approved by the institutional 
review board of each participating center, and all patients gave 
written informed corneal before p«rticrp»tion. 

Therapy 

Patients were scheduled to receive cehsrimab once weekly. 

2-hour intravenous infusion. Tha loading dote was preceded by a 
20-mg teat dole to oteerve fcr evidence of allergic reaction!. AH 
patient* were So be prerrtedicated with diphmlrydramine 50 mg 
Inrravenouth/. No rrrntine aruiemetic roediearJona were given. 
Cetruriraab iafosfrru were then contfmted weekly at* dose of 250 
mg/rrr 1 unbar ecakity necessitated aterruptfons. The dose and 
schedule' wed Jn this phase D trial were selected to be consistent 
trith those Bsedmotherpba^ntriab of th^ 
colorectal cancer." and are based on extrapolations tram previ- 
ously derived phote I ctmical and phannmco&ineric data." 

Evaluation of Patient* 

Re*poM6 was aasesaed every Svretla (faring the 
study. An objective response was identified at a redaction of «t 
lean 50%- ia the area of all measurable lesions on computed 
tomography or other rams. AO objective responses were required 
to be confirmed by a follow-up scan at least 4 week* following 
documentation of (be response. Tumor progression on study was 
defined as an increase of at hast 25% in the overall area of the 
rumor, or the appearance of new lesions. Response to cettaimab 
was also evaluated retrospectively by an independent response 
assessment committee that was blinded to the uwestigstor- 
reported measurements and assessments. Patients tmdertvent 
weekly blood counts, and physiol examinirjonj wire performed 
at every third week whfle on study. 



StatttOeBl AiMlytS* 

The study utilized t modified Genoa two-stage design to 
allow for early stopping in the event of lack of efficacy. The 
planned sample size tor the study was 40 patients, with 20 In each 
stage. Ultimately, 57 patterns were registered snd treated. The 
Higher number was due to more rapid accrual than originally 
anticipated Continuation to the second stage of the study waa 
contingent on one or more patients from the first stage having a 
response (partial or complete). Twenty patients were chosen for 
the first stage In orderto limit to 5% the probability of rtopping tht 
study eartyiftbe true response rate were 1516. 

The primary end point in this study was response rate. An 
exact. tvro-iidcd, 9596 d for retpopic rate vrai tmnpnn^t >h r 
Clopper snd Pearson method." Rerpoiue u a tunerian of EGFR 
stilus war evaluated by Fisher's exact tot. 

Secondary end points mchtdnri dotation of response, time to 
progression, survival dnratfon, and taxfdty. Tmfcrties, which 
ware categorised using Coding Symbol* tor Themurm of Adverse 
Reactioo Terms and graded uringNitionil Cancer Iratihite cqm- 
roon toxicity cr&enaveralosZO. were summarized by fotqttendea 
and percentx. Duration of response, time to regression, and 
lumval duration were estimated using the KapiuvMeier meth- 
od snd summarized by medians. Kaplan-Meier estimaret of 
survival were eeoerited for patients with no skin nuh snd those 
who guttered any grade akin rash during the therepyand the curves 
were oornpsred using the fog-rank V test 



Patfeot Characteristic* 

Tumor samples from 140 patients were centrally 
screened for BGFr expression for possible registration onto 
this trial Of these, 103 patients, or 7596, danonstrated at 
team 1 + expression of BGFr. Of these 105SGFr+ patients, 
6 1 who were determined by their treating plryskian to have 
had radiological evidence of failure on irinoteean or an 
Irinotecan<ontaining regimen and who met all other eagl - 
bttity criteria wen registered an this trial between April 17, 
2001, and July 12, 2001, arid 57 went on to receive cetux- 
rrnab. Four patients who wen registered experienced clini- 
cal deterioration before iriitution of cetuxim ib therapy and 
were therefore not treated. The demograph ic breakdown of 
the 57 treated patients to shown in Table 1. The median age 
of patients participating in this trial was 56 yean, with a 
range of 28 to 80 year*. The median Eastern Qjopemtive 
Oncology Group peribrmsTrceacorevmOtWitharsngeofO 
to 2, and the median time from last prcstudy irinotecan 
dose to initiation of on-sludy cetuxintab therapy was 2.0 
month*, with a range of 0 J months to 10.6 months. Forty 
seven patients (82%) were treated within 3 months of their 
last irinotecan dose, seven patients (12%) were treated 
within 3 to 6 months of their last irinotecan dose, and 3 
patients (596) were treated more than 6 months after their 
last irinotecan dose. 

Sixteen patients had received one prior regimen for 
their disease before study en try. AH 16 of these had received 
previous con current irinotecan + FU + lencovorin. Forty- 
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one patients had received two or more chemotherapy regi- 
mens (including adjuvant regimens, if given) for their dis- 
easebefore studyeiitry. The median dnration of Mnotecan 
treatment before participation in this trial for all patients 
ww 16 weeks (range, i to 97 weeks). 

Although osahptatio was not approved for use in foe 
United States during the time that fob trial was being con- 
ned, eight patients had received prior taalipJatin-based 
treatment before enrolling onto this trial. 

Duration of Trettmmt and Dose Intensity 
ofCefwdmab 

The median duration of treatment on study was 6.4 
web (range, 1 to 67 weeks). Nearly all cettsirnab doses 
adnunistered were given at the mil planned don of 400 
wg/m for foe lot ding dose and 250 mg/ro 2 for subsequent 
weekly doses. Sixty-face percent of patknts (n ■ W) re- 
ceived all planned doses of cetuxhnab during participation 
onatudy. Thirty- two percent of patients (n = 18) misted 
either one or two planned doses of eetuxfmab. Less than 1 % 
of patterns (a = 1) missed more than two of the planned 
doses of cetuxlroab. Two patients (3 .5%) received only foe 
test dose of cetunmab. 

Efffawy 

Response rat*. Alt patients who received any cetux- 
imabon this trial were considered evaluable for efficacy. Of 
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the 57 treated, 6 patients (10J%; 95% exact CI. 4% to 22%) 
obtained a partial response based en tavertig»tor assess- 
ments. Twenty additional patients (35%) had either a mi- 
nor responje (tumor reduction between 23% and 49%) or 
stable disease (either growth or shrinkage of less than 25%) 
mat lastedforatkast 12 weeks from foe date ofmitiationof 
ortuxhnab treatment The independent response assess- 
ment committee concuired with five of the six investigator- 
adjodicated responses (major response rate of&89fc 95% 
CL 3% to 19%) reclassifying one imrstfgator-idfodicated 
major response as a minor response. As demonstrated in 
Table 2, response did not seem to correlate with the ob- 
served degree ofBGPr depression. 

In an exploratory anatyria of the 16 patients who had 
received only one prioi regimen, only one patient (aj deter- 
mined by both foe investigators and the independent review 
committee) experienced a partial response, for a response 
rateof«J% (93% exact a.0,2% to 30J%). Because of thfc. 
we did not see evidence that the response rate was either 
superior or different in those p afomts who had received one 
versus more than one prior regimen; however, the numbers 
are too small to permit firm conclusion*. 

Progression-free and overaB survival The median time 
to tumor progression on this trial was 1,4 months, with a 
median duration of response of 4JZ months fo the five 
patiews judged by both the investigators and the Indepen- 
dent response assessment committee to he major respond- 
ers. Tbemedian survival from time of initiation of protocol 
therapy for theS7 treated patients was 6.4 months. 
Advene Events 

Skin reaction* were observed in 8fl% of patients. In 
86% of patients, we saw a subset of akin reaction, acne-like 
rash, which is characteristic of cetuxhnab toxicity, as re- 
ported prevIott*ly.' , Eighteen percent (n ■ 10) were grade 
3. Mo grade 4 skin reaction* were observed Ihh raah char- 
arteristicalry manifested within the first 1 to 3 weeks of 
therapy. Standard topical administration of drying agents, 
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topical antibiotics, or topical steroids did not seem to itib- 
rtamlaily affect the coarse of the nab, though la patient* 
who appeared clinically to have a Ucteriai superinfection of 
the rash, oral antibiotics seemed to provide some dinkal 
improvement In general, tome degree of spontaneous par- 
tial fanprovmeat in the rash duiingrfje first 1 to 2 months 
of therapy was subjectively noted in many of patients with- 
out modification of the cctadmab dose. 

Another manifestation of cetuximab cutaneous toadc- 
ity was paronychia! cracjdng. These lesions occurred either 
on the fingers, or toes and we reported in 1296 of patients. 
They tended to be relatively persistent throughout the da- 
ration of the patient's treatment. Anecdote By, some indi- 
viduals required several month* b> eflfectcomplete healing 
■flcr cessation of therapy of these paronychial lesions. 

Two patients (3.5%) experknotd grade 3 or 4 allergic 
reactions leading to cessation of therapy. Both occurred 
dozing the test dose, and one of these patients required 
hospitalization. These reactions were characterized as ana- 
phylactoid in nature, and were managed with epinephrine, 
antihis tami nes, corticosteroids, and supportive-care mea- 
sures, and resolved without sequelae. One additional pa- 
dent ca^perienced a grade 3 allergic reaction on day 233. IT* 
patient continued in thestudy and subsequently discontin- 
ued on day 310 due to disease progression. A listing of all 
grade 3 or 4 cetuxbmb-relnttd adverse event* is presented 
in Table 3. No grade 3 or 4 neutropenia or thrombocytope- 
nia was encountered. 



Condition of Survival Wfth Rash 

There was a correlation between the presence and se- 
verity of the acnelike rash and survival. As presented In 
Table 4, patients with skin rash of any grade had a superior 
survival to patients wfth no skin rash (P = M% There was a 
trend towards improved survival with increasing grade of 
rash, with patients with grade 3 rash seeming to have the 
longest survival, and patients wfth grade 1 or 2 skin rash 
having intermediary survival relative to those with grade 3 
or graded. 
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Treatment options for colorectal cancer patients after fail- 
ure of FU and irfnoteoui are extremely limited. At the time 
that this trial was conducted, there were no approved stan- 
dard treatments in the United States for patient* in this 
setting. For patients previously treated wfth bolus FU, a 
course cfmfutkuial PU therapy Is often attempted, though 
there is scant if any literature to support this practice. Re- 
cently* capecitabine, an oral FU prodrug with antitumor 
activity in the first-line treatment of colorectal cancer/ 5 ha* 
become a popular replacement for irdusional FU in the 
irinwecan- refractory setting, though data indicate a lack of 
significant efficacy of this agent in this refractory setting. 
Since the conclusion of our trial, caaliplatin. a diamino 
cydohetane platinum analog has become commesxialh/ 
availabkfothelhilted States, with approval based on a trial 
that showed a 9.9% major objective response rate for the 
combination of oxaliplatin punt infusion si FU/leucovcdn 
(FOLFOX-4), and virtually no activity of oxaliplatin as a 
single agent.'" From a mechanistic perspective, there is no 
reason to expect cross- resistance between oxaBphtin and 
cetuximab, and indeed, some of the responses in our trial 
were noted in patients who had received prior anlip!atin- 
bajed therapy. Both cetuximab and FOIi=OX-4 have modest 
toiebofchnicalactrVrrymiri^ 

dinical benefit to this population of patients who are in des- 
perate need of additional therapeutic alternatives. 

Preclinical data predict a substantially higher degree of 
dinical activity for cetuxbrrab in combination wfth a cyto- 
toxic agent than would be expected with ce tuxim ab treat- 
ment alone. Using the concept of evidence-based, rational 
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, "de5i^ofcJiniealtrIaUb»^onprediflkaldala,thicoin- both in the patient and *e tumor. One possibility is that the 

binatioh of irinoteean pius eetuxirnab Was explored first." rash is a surrogate Indicator of an adequate degree ofrecep- 

•The identification of activity with cetuximab plus irinote- tor saturation by cetoximab. If thisi* the case, then targeting 

can in a population of patients in whom irinoteean had doses to achieve a desired level of cutaneous toxicity may 

previously railed, seemed to confirm preclinical expects- further increase the efficacy of this agent While this is an 

tions. Nevertheless, the activity seen on that trial of cetux- appealing prospect from a potential efficacy point of view, it 

imab plus irinoteean raised the question of what single- would suggest, if true, that there might be a narrow thera- 

agent cetnxhnab might accomplish in this setting. This pen tic window to work with for this agent Trials are being 

clinical trial to investigate this question in irinoteean- planned to tert this hypothesis, with those patients who do not 

refractory colorectal cancer patients was therefore per- experience a skin rash after the first few weeks of therapy 

formed. Subsequently, Cunningham et a! 37 performed a receiving dose escalations until cutaneous toxicity occurs. Al- 

con&mttory randomized phase II trial that evaluated both ternatrvery,Uispossihferhtt^ 

cetjHtimab alone and cetuxiraab pips irinoteean in patients might correlate with both antitumor activity and cutaneous 

with irirwtecaa-refractory colorectal cancer. The response toxkfty.Purther studies of thispwsMltyaMaltoplanned. 

rates reported in that trial in abstract form were 10.8% for Preclinical data have suggested synergy between cetmc- 

ceSuxJmab alone and 22.9% for cetuxhnab plus irinoteean. imab and a number of cytotoxic agents, imtuding irinotc- 

These number* very closely approximate the results of the can, cisplattn, gemchahlne, md doxorubicin. The e x ac t 

trial we report here, m well as those of the previously re- mechanism of this synergy has not been definitively deter- 

ported combination trial, sx confirrning the preclinical by- niinedL A working hypothesis it that abrogation of activity 

pothesc* that ceruxirnab has modest predinical activity and in the EGFr-mediated signaling pathways reads to a ck> 

the combustion of cetuxiniab plus irinoteean has superior creast in EGPr-mediated intiapoptotic messages transmit- 

activity in irinotecan-refractory colorectal cancer. tedwithwthecdLThismaybesurBcknti» 

The response rate of 996 in this chemotherapy- some cell lines that nutans en autocrine loop of BGF pro- 
refractory group of patients is equivalent to the kvri of duction and E6lV expression and that are partkulariyde- 
activity seen in a similar refrictory colorectal population pendent on thu pathway for survtvaL to me majority of cell 
with the FOLFOX com bin ation of oxaliplatin and biwceMy line* studied, however, the bkxJcage of EGFr sigiuling U 
infusiona! FU + leucovprin. although the progression- free insufficient tor cytotoxicity, but may leave the cells more 
survival L4 months is shorter than that reported for vulnerable to the cytotoxic effects of otherwise minimally 
FOLFOX. 5 * As such, it seems that single agent cetuxunab efficacious chemotherapy 

provides a salvage option that may be comparable, ar kart in The favorable cHnfcal response rate seen in this angle 

terms of antitumor response, to the degree of efficacy seen agent trial rains a number important dinical questions, 

with oxaliplatin baseti-comblmitians following irinote- which are the subject of farther ongoing and/or planned 

can/FU fiulurej. Results repcrtr dprev^u^ with Irinnttran investigations. The hck of correlation between the degree of 

plus ceturirnab appear to be superior to both cetoximab EGFx expreswon and response raises the question of 

alone and to what has been reported for FOLFOX in this whether non-EGFr-expresrfng tumors might iho be poten- 

setting, though randomized comparison* would of course ttafly sensitive to cetomnab-based thexBny. It wxhjH appear, 

be required to assess the relative efficacy and tolerability of on the bash of these data, that inururnociisrrxhemisrry for 

FOLFOX versa* cetuximab or veraqa cetuxiroab-haaed EGrrnqrasicwisarworindicato 

combinations in this setting. trtatai^bythfaKPr-targete^ 

The tnxica>ofoetnxfmab on this trial was manageable. ing EGFr expression, such as KF-PGR. will need to-be a- 

and was similar to those previously reported for this rdored Correal studies wffl aim 

agent There included grade 3 or 4 allergic reactions (5%) stream effects cOGfrUodcade to further entente intteon 

characterized by typical symptoms of severe hypersensiriv- that may be predictive of cetoximab activity and so permit 

ity and rapidly responsive to standard management with appropriate selection of patients for treatment 

epinephrine, antihistamines, and corticosteroids. Also seen Sased on preclinical data, w would anticipate that the 

was the. typical akin reaction associated with this agent and greatest degree of benefit from cetuximab in colorectal can- 

with other agents that block EGFr signaling. This rash, while cer is likely tobe seen in combination with chemotherapy in 

at times quite esthetkaHy unpleasing, was rarely a source of first line or adjuvant use, although we cannot know the 

physical discomfort None of the 57 patients discontinued actual utility of surh an approach until data are available 

treatment on this trial because of the skin rash. from randomized trials. Pilot trials to Incorporate cetux- 

An exploratory analysis suggests a correlation between imab into first line regimens of frinctecan/FU/leucovorin 

the presence and severity of the rash and survival. We can have been completed," and ran domize d phase in trials in 

only hypothesize as to the meaning of this at this time. The firstllne and adjuvant combination use are in the process of 

rash may be an indicator of sensitivity to EGFr blockade, activation. Finally, heterogeneity In the qualitative, as well 
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'as quantitative expression of EGFr, may be clinically rele- 
vant to the successful application of cetuxJmab. Human 
fiGPr polymorphisms have been deter ibed, and future 
large-scale trials will attempt to characterize these polymor- 
phisms and correlate them with clinical activity and toxic- 
ity. Studies are also underway to characterize molecular 
phenotypes that predict response to this agent. 



Authors' Disclosure* of Potential 
Contacts of Interest 

The tallowing authors or their immediate family 
members have Indicated a financial interest No conflict 



exists for drags or devices used in a study if they are not 
being evaluated a* part of the investigation. Owns stock 
(not including shares held through a public mutual 
fund): Michael Needle, Imdone; Justin Kopit, Bristol- 
Myers Squibb. Acted as a consultant within the last 2 
years: Neal Meropol, Bristol-Myers Squibb. Performed 
contract work within the last 2 years: Leonard Salts, 
Imdone; Neal Meropol. Imdone, Bristol-Myers Squibb. 
Served as an officer or member of the Board of a com- 
pany: Michael Needle, Ira clone; Justin Kopit, Bristol- 
Myers Squibb. Received more than $2,000 ■ rear from a 
company for either of the last 2 years: Michael Needle. 
Imdone; Justin Kopit, Bristol-Myers Squibb. 



iifitKHJ!:i:> 



t JwnaJ A, Murray T, Senweie A. e* afe 
Cancer Ble&tfcs2O03.CA&aarjCSr» 53*28, 
2003 

t UfctoiwnCQ, F)wnlraTR.Musoi»FM.«t 
it Phase rJ nutty of fluarouraril end to roodule- 
'Pen in odvenoOd pdfrscM cencen A Southwest 
Oneetogy Srotfp etldy. J On Oner* 13:1303- 
1311, 1896 

X SBta 13, Cox JV, BtardteC et et Wnata- 
tan ptu* fluofourBfil and touoovortn tor meta- 
ttalSe colorectal emcee. N Engl J Mod 3*3*03- 
914. 2000 

4, Cunr*xihaiTi D. Pyrricn*n S. James RO, at 
(C. Randormied trial of irinotacanpree aupportfc* 
cam vecsu* eupporfva car»«lnn» after fkioreu- 
racfl bBurs'tor patients wWi metastatic cekwee- 
tat cancer, tencet 3821413- 1418. isse 

eVdaCrerrtont* RfforA, Seymour M,etafc 
Lsu^vofinindflgwou^w<*orwSr«aito«»*- 
ptetft) m 6rtt-tn* treat/neat h-advsncedeoloreo- 
M cancer. J CSn Oncol 18:203349*7. 2000 

1 Aeronson <: Growth factccs and canoe/, 
setae* 484:1140-1183. 1S91 

7. Carpenter Q: Receptors for epidermal 
growth factor and othar polypeptide mitogens. 
Annu Rav Bloehem 60:681-814, 1887 

B. Carpenter 0, Cohan S: Epidermal growth 
tKtor. J BMChem266!7708-7712, 1880 

B. Downward J, Ycrden V. Maya* E et el: 
Ctoo akidatSty of epidermal growth factor ra» 
captor and Y*n>8 oncogen* protein r>»- 
querreu. Maura 307:521 W> 1804 

tS. Rbef W, Retttg WJL Gheu PG. «t at 
fterweelon of epidermal growth rector receptor 
ta human cifturcd eels end tunun. Corner Ree 
4(fc472B-473l, 1369 

tt. Venfen Y. Ullrich A: Growth factor receptor 
tyrosine kinase*. Annu Rev Btoehem 67.443- 

478; 1938 

It. Di Marco E, Pierce JO. Fleming TP. et et 
AMOflrtnoBiteriOttonbotweBnTGFalpheandthe 
EOF racafltor Qutntitetlve requirements far hv 
Awfon of the metgnant phenctype. Oncogene 
4S31438. 1969 

1*. VendeV^er MJ. Kumar R, MendeleohnJ: 
IkjanrHriduoadecArerlon fif A431 celt epidermal 
growth factor receptor* oeoure prhrfarty by an 
eUteorlne pethwsy that acta upon receptors on 
Ik* surface rethar then tnrrocMutgrfy. J Bex 
Cherh 186:7853-7608, 1961 



1*. Bsretps J. Norton UMaeUKetet: And. 
tumor offoc&r of daxorubtet? In eornbkietlon M4th 
flhd-ftpMennef growth factor reaeptof rrronoelo* 
ael amtedti. J Natl Ceneae hat 85:1327-1X33. 
1803 

H. MisteKBemen B. Hrm«n J. et it Treat- 
ment With erfftEOF r« Captor m o nocaanaf anti- 
body eauees regrssalon of Off) human eolereo*) 
cer al no ma xenografta. Proo Am Aeeoe Cancer 
Re» 32384, 1891 

IS. Sato JD. Kawamoto Y, La AO. et et Bb- 
toglcsl efteets Irrvftrq of monodonel e m awdree 
ta numert eplderrnel growth factor reeepeer*. 
UrJ flbl Med l£1 1-629. 1BB3 

IT. BchfeJeinNI. Prewetl M. Zuleya K. at et 
Btotogtc* eflloecy of e ehkneito enboooV to Bio 
epJdermel growth fester receptor ro e human 
*4norjr*nogr*!t model CSn Carreer Ree 1:131T- 
1318, 1986 

ta> 6H OM, irjwerntto T. Coohet C M et 
MoBetfafce erRVapadermci growth rector recep- 
tor eritibotfee Which era Wiihtoft el epidermal 
gnxvtb hiQtof binding and amagsnttia of eriOV- 
mat growth- factor MrtrUng end entsgjenlsia of 
ep(0^rnMlsn>^f>ctDr-etirnulit»dtyto*^ 
teln Unas* ecovhy. J BJol Piem 25ft77Be-7760, 
1S4M 

fe. Meets K Keurtniato T, Sets JO. et at 
Grow* W*itton o» human tumor e*3 In »Jhy- 
rnlcrnetatysri&er^derrrrelgjrAvlh lector reeep* 
tor rnonoelonHerttibOdiee. Cancer Mi 44:1e02- 
1007, 1864 

a*. Veede Wrowl»OF,5eh«bM, ZhooR et tt 
e*0 qrd* regubtiorv oncogene*, end antbeo- 
pbenc-dnige, ire Former JO. Rhoede JE (erM- 
AeeornBSerenetna In Cancsr Re* Foundation. 
PhlfadeeMe, PA, JB Ucptneott Co, 189a PR 
I3B-M3 

a. Huang SM. Book JM. Hentrl PM: EpMer- 
mel growth factor recsptor brockade wkh C226 
rrtdduletee prolfomtlon, epcptoeb> end redroaen- 
srtMty ki -squamous eeS eerdnomee of flra heed 
end neok. Cancer Ree 59:1935-1640, IGSB 

12. Wu X Fan Z. Meaul H. et et: Apoptoele 
Induced by emlapWenriel growth teotar receptor 
monodenei snttady in * human rjsJorectBl cor- 
es noma eer) )ne end he tfetoy by Ineotln. J On 
Invest 86:1887-1800, 1B8S 

S. XuX, Rubin M. Fee tM r^rrrvoMimern of 
p27KIP4 th 9, arrest medleted by en epidermal 
growth rector receptor monoclonal antibody. On- 
eooen* 12:1387-1403, 1888 



R FnZSiiengBY.VVdXatefcBloekeOBaf 
opkiefrnef growth feetor receptor by erroVEaFfi 
menoctonel enttwdy 22S eeuiee 61 erreet of 
A431 eeeewlth Induction of pS7lC»>1. Proc Am 
Assoc Ceneer R4i T7;10fc 1896 

IS. P*flgaFwZ.LuV,etehAjitUpldamw( 
growth hKtor monodonel omaxxty 22S u&ngu- 
We»p27KtPl and Induced Gi trresr In pro atfU u 
cancer osl OnaOUieB. Cancer Ree 663888- 

3aaa, isse 

ZS. Fan 2. Baeefsa J, MmA H. Menda*»hn J: 
Aryitumof gff»ot of oraVeptdarmel gonyeh fnitor 
receptor rn x et uoea r w e antflMdto pa* cm- 
rSrmteiedhdykiropJIaOnun) on wei eetebUheet 
A43l«aanrwgrefie. Cencer Res WMBTAOO. 
1883 

a. Baeelga J, Pfleher p, Coooor Ma at et 
Prreee I atudles of enti-ariaWrmet growth ractor 
receptor oHmerlo enttbody CJ26 alone end h 
combirntoi with dspJttjn. J dn Oncol 18*04- 
914,2000 

7A. darrJIetoF. Btonco R, Dambjno V. «1 efe 
Anthunor actMty of eequentW treatment with 
topotecan and ra^Hejriderrnel growth factor ra- 
CflpV* mansctorts) entjboey C23S. Cen Canoer 
ReeK90B«ie. 1989 

tt. PrevneR M. Hooper A. Beaal R. at et 
Enhanced tntitumw actJwty of re n a-e p fd e rmel 
growth bear receptor mOnoebrtal enHbooV 
IMC-C225 In cornbtnetlon with Irhotecan (CPT- 
1 1) oQBfnst human cdkmctM tumof xtnoon/ht* 
CRn Cancer Res a £94-1003, 2302 

38. Rubin M, SMn D, P e wrwi tie t M, et at 
Monoclone) erttfbody BVC-C225 and mtl- 
rvtrhnrnel growth tecror raarptcr entlbody for 
petfam* with EGFr-poiltJve turner* refractory *> 
or in reiepee from prevtous therapeutJo regV 
rftencProc Am Soc CSn Onool lM74e,20CO 

M. Serb! U Hodnter H Rubh M, et eft Cetut- 
knab BMOCUBf eu* rfnotecen CPT-11) ie ae- 
Hve In CFT-1 Ivsfrectory coloraorel etnoer BRCJ 
that expr*9set eptderm*) growth rector receptor 
(EOFR). Proc Am Soc Clin Oncd »de, 2001 
tabstrT) 

at Bieelge J, Ffieier 0. Cooper MR, at ef: 
Phase I studies of arrtfeplCermal growth factor 
receptor chimeric antibody e&26 eJone end tn 
oomblnetlon wrm oitplifjft. J Ctrl Oncol 1&804> 
914,2000 

XJ. dopper CJ, Peereen £6: The use of con- 
fidence ef fioudsl ttrfllb ftielretedln the cese of 
the biRomM. Bktmetrlke 26:404-413, 1334 



MMrtjtaenj 



1ZB7 



Do^miotded frora v^^j^ocrc^on Oeotrrtar 28, 2003 . f^jwnonshiaa only. No ether usee without permission. 

PACE 23/65 • RCVD AT 5/23/2006 1:15:38 PM palsterrTDayllgrrt Tlme']""^W:USPTO.EVxpJ-3;i^ CSID:' DURATION (mm-ss):45-42 



MAY-23-2006 13 = 40 KENYON 8, KENYQN P. 24 



8*ft»ata» 



* H Kaplan EL. M«er P: Non-pMmitiic aad- 
matisn hjprn (ncdmplale obMryattons. J Am Stat 
AtMd 63*57481. 1968 

• » Moff pm, AiMrt R, Ballet G. et at Com- 
ptfbon of ml capadtabina vtrsua awawoua 
fivotouradl plialaueevorin aa first-Una traatmant 
In 806 pa Kenta wtth m*taatalfe coforactif cancan 
Reaulta of i randantosd phaea HI study. J din 
Omxf 19:2282-2282, 20Ot 



* Rethanbara Mi Oa AM, Kgitoiv AH, at at: 
SMpeitoittv of CMtSpWh and fiucnMfdHauoeverti 
compared iv* eWwr thanpy atone h patients 
WW pmrawvc coforactal cancer aftar Mrntacan 
and ftowou rart lau coy wti: lmarfm mutt* of • 
phaea 111 trW-J On Oosf 2I:»6»40». 2003 

V. Cimr*ghim 0, Humbtat Y, Siana % at al: 
Caturtmb (Q2S alona or In cambtowtton *4th 
kfcgtacan (CJT-Ul h DalSsnte Wth epidermal 



guavth factor racspw (EQfRHxwttr/e, Wnotiaeav 
rafraewy maMtade eotoocW cancv (MCflQ. 
PfOo.AfnSx Cliff 0>X»I22:2B2», 2003 lab«» tola 
» Rosarfwrg A. Loafiraf W, Naadfs MM at 
at Ertjitux 0MC-C229 pha waakry Hnotaesn 
ICPT-t l). fiu»our«dJ (SFU) and laucaverin ILV) in 
ccioredal tartar ICRO that axpraasa tha gpf> 
daimal growth factor receptor (EGFrt. Proe Afn 
fine GSn Oncol 20: 136a, 200t Itiati S36) 



,al ,*WWI*l,wCl»l<CB.O)»Cl<MT 

Dowitoaded from w«wj(£^l?SP a ^i!' i 2 0 5;f»^««<>n«l uw only. Ho othar use* without panrdailoh, 

PAGE 24/65 " RCVD AT 3/2312006 1:15:38 PM [Eastern Daylight Time] ■ SVR:USPTO-EFXRF-3M4 " DNIS:27383O0 * CSID: * DURATION <mm-ss):45«*2 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 




LINES OR MARKS ON ORIGINAL DOCUMENT 



